Intrauterine infection has been frequently linked with preterm labor before 30 wk of human pregnancy. Many different species of organisms have been detected, leading to the suggestion that infection-induced preterm labor is a generic inflammatory response to organisms rather than a specific response to a limited number of pathogens. The detection of organisms by microbiological culture is a laborious and unreliable process, so the aim of this study was to harness modern molecular techniques to detect organisms in tissues from human pregnancy. A DNA probe specific for conserved regions of bacterial 16S ribosomal RNA sequence was designed and labeled with fluorescein for fluorescence in situ hybridization. Organisms were detected in the great majority (Ͼ80%) of fetal membranes after prolonged premature rupture of the fetal membranes and after preterm labor, which was consistent with previous data. Organisms were also detected in fetal membranes after preterm delivery without labor and in term deliveries (with or without labour). Inflammatory cells were found frequently in the amnion or chorion of preterm fetal membranes but not in term tissues. Our primary finding is that fluorescence in situ hybridization is an appropriate method to detect organisms in human fetal membranes. In addition, our data show that bacteria may be present in fetal membranes without necessarily causing an inflammatory response, so the mere presence of bacteria may not be sufficient to cause preterm labor. Human labor at all gestational ages involves an inflammatory response, being characterized by increased levels of prostaglandins and cytokines (1,2). This inflammation is presumed to be initiated by physiological mediators, including corticotrophin-releasing hormone (3) or platelet-activating factor (4), or by pathological processes (5-7).
Intrauterine infection has been frequently linked with preterm labor before 30 wk of human pregnancy. Many different species of organisms have been detected, leading to the suggestion that infection-induced preterm labor is a generic inflammatory response to organisms rather than a specific response to a limited number of pathogens. The detection of organisms by microbiological culture is a laborious and unreliable process, so the aim of this study was to harness modern molecular techniques to detect organisms in tissues from human pregnancy. A DNA probe specific for conserved regions of bacterial 16S ribosomal RNA sequence was designed and labeled with fluorescein for fluorescence in situ hybridization. Organisms were detected in the great majority (Ͼ80%) of fetal membranes after prolonged premature rupture of the fetal membranes and after preterm labor, which was consistent with previous data. Organisms were also detected in fetal membranes after preterm delivery without labor and in term deliveries (with or without labour). Inflammatory cells were found frequently in the amnion or chorion of preterm fetal membranes but not in term tissues. Our primary finding is that fluorescence in situ hybridization is an appropriate method to detect organisms in human fetal membranes. In addition, our data show that bacteria may be present in fetal membranes without necessarily causing an inflammatory response, so the mere presence of bacteria may not be sufficient to cause preterm labor. Human labor at all gestational ages involves an inflammatory response, being characterized by increased levels of prostaglandins and cytokines (1, 2) . This inflammation is presumed to be initiated by physiological mediators, including corticotrophin-releasing hormone (3) or platelet-activating factor (4), or by pathological processes (5) (6) (7) .
At 23-32 wk of pregnancy, preterm labor is most frequently associated with micro-organisms within the uterus (8) . These organisms are thought to activate inflammatory responses within intrauterine tissues and cause the recruitment of leukocytes to the fetal membranes (chorioamnionitis) (9, 10) . This is so thoroughly accepted that in some studies, chorioamnionitis has been used as being diagnostic of intrauterine infection, without determination of the presence of bacteria (11) . However, the precise relation between the presence of bacteria and an inflammatory response has not been clearly defined. This is an important issue as it is not known whether the presence of bacteria always causes chorioamnionitis or whether chorioamnionitis is always linked to infection.
Many different organisms have been identified from intrauterine tissues after preterm labor using various sampling and culture techniques (12) (13) (14) , but no clear pattern has emerged from these studies, so it has not been possible to implicate one particular organism or family of organisms as the main causes of preterm labor. Furthermore, it has not been proved that the bacteria present in the vagina are those that have caused chorioamnionitis in preterm labor. The precise relation between bacteria and inflammation thus is unclear.
Indeed, it is not certain whether bacteria are present inside the uterus in pregnancies that proceed to term. A few studies have addressed this question (13, (15) (16) (17) (18) , but there have been no recent rigorous investigations of this question. Some of these studies report chorioamnionitis, but the technology to identify bacteria was not available.
The primary problem is that an accurate and foolproof method for the detection of bacteria is needed. Microbiological culture is problematic, as many different methods are needed to identify bacteria, and some organisms cannot be cultured at all, so it is difficult to be confident that all organisms have been detected.
We have used molecular detection techniques to overcome these issues. The DNA coding for 16S ribosomal RNA (rRNA) is functionally conserved and present in all bacteria but not in eukaryotic cells and therefore is appropriate for a generic molecular approach to the localization of bacteria (19) . Fluorescence in situ hybridization (FISH) targeted to the 16S rRNA has been used as a rapid method for identifying bacteria in environmental samples (20, 21) and has also been used to detect Helicobacter pylori and other bacteria in sections of gastrointestinal tissue (22) (23) (24) . This target is effectively amplified because it is present in multiple copies within each bacterium, which means that it is possible to carry out in situ hybridization with high sensitivity, using FITC-labeled oligonucleotide probes to detect small numbers of bacteria.
FISH with a probe for a conserved region of 16S rRNA has allowed us to investigate the link between bacteria and chorioamnionitis by asking the following questions: first, how often are bacteria present in preterm and term tissues after delivery? Second, is the presence of bacteria within the pregnant uterus sufficient to cause intrauterine inflammation, systemic fetal inflammation, or preterm labor?
METHODS
This study was approved by the local ethics committee (Hammersmith, Queen Charlotte's & Chelsea and Acton Hospitals Research Ethics Committee), and informed consent was obtained from the parents of the infants. The preterm deliveries were a cohort of 50 consecutive infants who were delivered at Յ32 completed weeks of gestation in Hammersmith Hospital (Table 1) . On the basis of the clinical data, we divided the population into three groups, namely patients with no evidence of preterm labor, patients in preterm labor, and patients in preterm labor with prolonged premature rupture of the fetal membranes (PPROM). Previous studies have established links between PPROM and intrauterine infection (25) and the inflammatory process of labor (26) . The clinical characteristics of these three groups (PPROM, preterm labor without PPROM, and preterm delivery not in labor) are shown in Table 1 . Chorioamnionitis was assessed by routine histology. There were no differences in the gestational age at delivery, fetal weights, or multiple pregnancy between the groups. The method of delivery and the incidence of preeclampsia and of histologic chorioamnionitis occurred as expected, such that all infants who were born without labor were delivered by cesarean section and did not show histologic chorioamnionitis. In the other groups, histologic chorioamnionitis and vaginal delivery were more common and preeclampsia was less common. It should be emphasized that all women delivered in the absence of preterm labor had preeclampsia (defined as a blood pressure of 140/90 mm Hg or more, in conjunction with proteinuria of 2ϩ by Dipstick or 0.5g/d; both measurements repeated on at least two separate occasions).
Term fetal membranes (n ϭ 52) were collected after normal vaginal delivery (26 patients) or after elective cesarean section (for breech presentation or after previous cesarean section; 26 patients) from singleton pregnancies. Pregnancies that were complicated by preeclampsia, fetal growth restriction, or prolonged labor were excluded from the term group in this study. The investigators who conducted the laboratory studies described below were not aware of the route of delivery or any clinical details of the patients.
Fetal blood. For assessing the systemic fetal inflammatory response, umbilical venous blood was taken shortly after delivery of preterm infants and anticoagulated with heparin. The sample was centrifuged at 2000 ϫ g to remove all cellular components, and the plasma was stored at Ϫ80°C until assay for cytokines. Concentrations of IL-1␤, IL-6, IL-10 and tumor necrosis factor-␣ were determined using high-sensitivity ELISA kits (Amersham Pharmacia Biotech), according to the manufacturer's instructions. The fetal blood cytokines were compared by ANOVA (Statview 4.5). The distribution of these data was inspected for normality, and it was found that the concentrations of all cytokines were not normally distributed, so these were log-transformed before analysis.
Tissues. Samples of fetal membrane (~5 cm 2 ) were collected and placed in fixative (10% neutral buffered formalin) within 30 min to minimize bacterial growth after delivery. After fixing for~24 h, tissues were rinsed and stored in 70% ethanol. Tissues were cut into small pieces (~1 cm 2 ), dehydrated through ascending ethanols, and embedded in paraffin wax.
Probes. The probes were based on those used previously by Greisen et al. (27) and were confirmed to be generic for bacterial 16S rRNA by Blast search of on-line databases of sequences. Oligonucleotide probes were custom made (GIBCO), end-labeled with one molecule of fluorescein-isothiocyanate per probe molecule. The bacterial probe sequences were as follows: antisense 5'-F-ACTGCTGCCTCCCGTAGGAGTTTATTCCTT-3' and sense 5'-F-AAGGAATAAACTCCTACGGCAGGCAGCAGT-3'.
In situ hybridization. Paraffin sections (5 M) were cut using a sterile approach, using a water bath cleaned thoroughly before use and filled with fresh distilled water. Gloves were worn, and the microtome knife was thoroughly disinfected by lipsol and ethanol before use. Sections were mounted on poly-L-lysine-coated clean glass slides that were dried at 37°C for a few hours then stored to avoid contamination by dust. Sections from each block were dewaxed and digested with 10 g/mL of proteinase K (Sigma Chemical Co.) in PBS that contained 1 mM EDTA at 37°C for 10 min. Digestion was halted by incubating slides in 0.2% glycine in PBS for 5 min, then slides were fixed in neutral buffered formalin for 2 min. They were rinsed in PBS and then in autoclaved in distilled water and air-dried.
Sections from each specimen were hybridized with antisense and sense probes. Additional control sections received no probe (hybridization buffer only) to allow assessment of autofluorescence. The final probe concentration in hybridization buffer was 10 ng/L. Hybridization buffer contained 50% deionized formamide (Sigma Chemical Co.), 5ϫ SSC, 10% dextran sulphate (Sigma Chemical Co.), 5ϫ Denhardt's solution (Sigma Chemical Co.), and 100 g/mL denatured herring sperm DNA (Sigma Chemical Co.). Approximately 20 -50 L of diluted probe was applied per section and covered with Parafilm coverslips (cut to correct size to cover section). Slides were incubated at 37°C PNIL, preterm not in labor. * Numbers with preeclampsia and intrauterine growth restriction. † Data on chorioamnionitis were not available for all pregnancies. ‡ One infant had intrauterine growth restriction in the absence of preeclampsia.
DETECTING ORGANISMS IN FETAL MEMBRANES
overnight and oriented so that the slides were horizontal in slide boxes humidified with moist tissue paper soaked in distilled water. Coverslips were removed by soaking in 2ϫ SSC [0.3 M of NaCl and 0.03 M of Tris-HCl (pH 7.0)], and the slides were rinsed in two changes of 2ϫ SSC. Sections were mounted in Vectashield with DAPI to stain nuclei blue (Vector Laboratories) with glass coverslips and viewed under appropriate UV wavelength for FITC with a ϫ100 oil immersion lens. Images were captured using a digital camera using three wavelengths for three color channels: red, green, and blue. A composite image was produced combining the three channels, in which nuclei appeared blue, FITC staining was green, and the background cells appeared red/brown/yellow. In negative control sections, some fluorescence from red blood cells or connective tissue fibers was seen, but this was present in both red and green channels, giving yellow in the final image, clearly different from the green of FITC. Organisms that were seen on the tissue surface (the edge of the section) or on the glass slide were disregarded because only organisms that were actually present deep within the tissue were taken to be endogenous to the tissue at the time of sampling.
Separate sections from each tissue were examined at least twice to ensure that the data obtained were representative; a high level of consistency was found between sections from each tissue. This includes tissues that had no bacteria detectable on both analyses, indicating that contamination during processing is unlikely to be a problem.
Immunohistochemistry for cell types. Tissue sections were stained with hematoxylin and eosin and assessed for evidence of chorioamnionitis; this was identified on the basis of gross inflammatory changes, particularly the visible presence of infiltrating cells or of tissue degradation.
To identify the infiltrating cells, the following MAbs were obtained from Novocastra Laboratories: CD45, leukocyte common antigen found on all leukocytes; CD3, T-lymphocyte ⑀-chain of CD3; CD14, LPS receptor, found on cells of monocyte-macrophage lineage; CD16, Fc␥RIII receptor for Fc region of antibodies, found granulocytes/neutrophils, and some activated macrophages and NK cells; CD56, neural cell adhesion molecule natural killer cells and cell of neural origin; and cytokeratin 7 (CK7), trophoblast and epithelial marker. These were used to immunostain sections from each fetal membrane sample, using a Vector Elite ABC peroxidase kit and the method supplied by the manufacturer. Antigen retrieval was not required for cytokeratin 7 staining, but sections were heated in a microwave oven in 0.01 M of citrate buffer for 10 -20 min at 800 W before staining with CD marker antibodies. Stained sections were categorized according to the presence of positive cells and their location within the tissue.
Preliminary histology. Sections were cut from all fetal membranes to determine whether all three components of the fetal membranes (amnion, chorion, and decidua) were present. Most tissues delivered at term by cesarean section (before labor) were intact [22 of 26 (85%)], whereas after term labor (vaginal delivery), fewer tissues were intact [16 of 26 (62%)]. Preterm tissues delivered by cesarean section (not in labor) were mainly intact [9 of 12 (75%)]. After preterm labor, 10 (71.4%) of 14 were intact, whereas after PPROM, 10 (45.5%) of 22 were intact. These findings indicate that PPROM as well as vaginal delivery affects fetal membrane integrity and that there is a need for all fetal membranes to be assessed rigorously, as tissue loss may affect any data obtained and could bias the conclusions drawn. Despite these concerns, we found that the detection of bacteria by FISH was unaffected by whether the membranes were intact and therefore show data from all tissues available. Intact membranes are needed for an accurate assessment of inflammatory cells by immunocytochemistry, and the data shown on cell types therefore refer only to the intact tissues in each group.
RESULTS
In situ hybridization for bacteria. Individual bacteria could be visualized with the green FITC fluorescence deep within preterm (Fig. 1A-C ) and term tissues (Fig. 1E and F) . Sections that were hybridized with the sense probe showed no specific labeling (Fig. 1D) . Different morphologic types of organisms were seen (Fig. 2) . The majority of organisms were rodshaped, although these varied in size and shape ( Fig. 2A, B, and  D) . In some cases, more than one morphologic type was present in the same tissue section (Fig. 2C) , and this was confirmed in repeat sections.
The numbers of tissues with bacteria present deep within the membranes are shown in Fig. 3 . Organisms were present in the majority of samples studied, including those tissues delivered by elective cesarean section at term (term not in labor group). Organisms were present in the great majority of preterm tissues, with no obvious differences related to the method of delivery (Fig. 3) . 
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Immunocytochemistry for inflammatory cells. Chorion stained positive for CK7 (Fig. 4A) , although in some samples, the intensity of staining was heterogeneous (Fig. 4B) . The amniotic epithelium was also positive for CK7 in some samples (Fig. 4A ), but the decidua did not stain with CK7 (Fig. 4) , enabling clear identification of intact fetal membranes (amnion, chorion, and decidua present). Routine histopathologic assessment of these tissues (Table 1) indicated no inflammatory changes in term tissues or in any tissues after preterm cesarean delivery; 43% of tissues after preterm labor and 88% of tissues after PPROM showed chorioamnionitis, which is a statistically significant difference (p Ͻ 0.05).
Only intact fetal membranes (i.e. those with visible amnion, chorion, and decidua) were used for studies on the distribution of CD-positive cells, and typical data are shown in Fig. 5 . Each tissue section was assessed for the presence or absence of positive cells in amnion, chorion, or decidua, and these data are summarized in Fig. 6 .
Term fetal membranes (Fig. 6 ) had very few positive cells in the amnion or chorion components of the membranes. The decidua in term tissues was positive for CD45 and CD16 in almost all samples, and smaller numbers of tissues were positive for CD14, CD56, and CD3.
Many preterm tissues had inflammatory cells within the amnion and chorion (Fig. 6) , independent of the clinical pathology (preeclampsia, preterm labor, or PPROM). The overall pattern in preterm not in labor tissues and preterm labor tissues (Fig. 6 ) seem to be similar in that similar numbers of amnion and chorion were positive. Tissues obtained after PPROM ( Association between bacteria and inflammatory cells. The association between the presence of organisms deep within the fetal membranes and inflammatory cells visualized by immunohistochemistry for CD markers in the amnion or chorion is shown in Fig. 7 . There was no clear association between bacteria and inflammation in term tissues. In term tissues delivered before labor, the majority of tissues contain organisms, but Ͻ25% of the tissues show any inflammatory cells present. After term labor, more tissues contain inflammatory cells, but they are still a minority.
The preterm tissues showed that bacteria and inflammatory cells were present in the majority of tissues studied, but this was not related to pregnancy outcome. Approximately 50% of preterm not in labor tissues contain organisms deep within the membranes and inflammatory cells in amnion or chorion, with the remainder having either organisms or inflammatory cells. Tissues obtained after preterm labor or after PPROM are mainly double-positive for bacteria deep within the membranes and for inflammatory cells in amnion or chorion.
Fetal systemic inflammatory response. The levels of cytokines in fetal plasma were determined ( Table 2 ). Levels of IL-1␤ and IL-6 were significantly elevated in plasma from the PPROM group compared with the preterm not in labor group. Plasma from preterm labor (without PPROM) had intermediate levels of both ILs, which did not differ from the PPROM or the preterm not in labor groups (Table 2) . IL-10 levels were lower in the preterm labor and PPROM groups, with the levels of significance shown. Levels of tumor necrosis factor-␣ were low and did not differ between the groups. Histologic chorioamnionitis correlated with the high plasma cytokine levels in the PPROM group, but there was no correlation of the fetal plasma cytokine levels with detailed leukocyte analysis or bacteria in fetal membranes.
DISCUSSION

Detection of organisms.
Unexpectedly, organisms could be detected deep within human fetal membranes by in situ hybridization at all stages of pregnancy (Figs. 1-3) . Thorough precautions were taken at sample collection and through the laboratory stages to minimize contamination, and only tissue sections deep within the samples were studied, yet even tissue delivered by elective cesarean section at term had organisms present (70% positive). These results cannot be explained by contamination during processing. Indeed, the data obtained may represent a minimum level of bacterial detection, as our total sample represents perhaps 1% of the fetal membrane.
Most preterm tissues contained bacteria, which is broadly consistent with many studies that have linked preterm labor or PPROM with intrauterine infection (8,28 -30) . However, it must be pointed out that preterm tissues delivered by cesarean section without labor contain bacteria as frequently as those collected after preterm labor or PPROM. We conclude from these data that the presence of bacteria is common and insufficient to cause preterm labor or PPROM.
Infection and inflammation have previously been studied less stringently in term delivery tissues (13, (15) (16) (17) (18) . Not all of these studies directly studied bacteria, but two studies in particular are of interest. Dong et al. (13) found bacteria in 117 
408
(95.1%) of 123 amniotic fluid samples, and Gibbs et al. (17) showed that 30.8% of control and 80.6% of infected term patients had organisms within their amniotic fluid. This latter paper also showed that that "high virulence" infection was detected in 7.7% and 69.2% of the same patients, indicating that the nature of the organisms may be critical.
Previous studies have been hampered because a complete determination of the microbiology of fetal membranes has been difficult. Bacteria in tissue sections may be visualized by Gram staining or immunocytochemistry (31), but these methods are imprecise and relatively limited in scope. Microbiological culture would require multiple culture techniques for the many organisms that may be present (13, 18) and is inherently vulnerable to false-negative data, particularly as patients who are considered at risk for infection-induced preterm labor are often treated with antibiotics (32, 33) . In contrast, in situ hybridization provides a simple method to determine whether organisms are present and will visualize damaged, dying, or dead bacteria, thus providing a more complete overview. The current data thus provide a novel insight, suggesting that the presence of bacteria within the uterus during pregnancy is common.
A further advantage of FISH is that it does not require live bacteria to succeed, whereas culture methods do. This is potentially important, as alterations in the vaginal bacterial flora, whereby the generally harmless lactobacilli are replaced by more pathogenic species (bacterial vaginosis), are considered one initiating factor for preterm labor (29, 30) . Patients in whom bacterial vaginosis is detected may be treated with antibiotics, which can decrease the incidence of preterm labor (32, 33) , but could also give false-negative data for bacterial culture.
Chorioamnionitis and specific inflammatory cells. Histologic chorioamnionitis requires major inflammatory changes in fetal membrane structure or cellular composition to be recognized (34, 35) and is often used as a surrogate marker for infection (11) . We found it only in fetal membranes delivered after PPROM or preterm labor but not after preterm cesarean section (Table 1 ). In contrast, immunohistochemistry is a more sensitive technique (36) and can detect the infiltration of smaller numbers of leukocytes into the fetal membranes.
With this method, we could detect inflammatory cells (CD45ϩ) in almost all fetal membranes studied, independent of gestational age or labor. In term tissues, the majority of these cells were present in the decidua, as described previously (37) . Term decidual cells were most commonly positive for CD16 (neutrophils) with fewer tissues containing CD56ϩ (NK cells), CD14 (monocyte/macrophage lineage), or CD3ϩ cells (Tlymphocytes). This distribution reflects previous data on leukocytes in term decidua (37) . Few term tissues had any CDϩ cells in amnion or chorion (Fig. 6 ).
Preterm tissues also had a high frequency of all four types of leukocytes in the decidua, thus resembling the term data. However, the amnion and chorion from preterm tissues commonly contained CD45ϩ cells; specific immunohistochemistry showed CD14ϩ, CD16ϩ, and CD56ϩ cells, indicating that that macrophages, neutrophils, and NK cells but not Tlymphocytes had infiltrated into amnion and chorion. This was particularly the case in tissues that were obtained after PPROM, in which 50% of the amnions were positive for all three markers.
The infiltration of leukocytes can readily be explained in cases of preterm labor or PPROM; it is less clear why inflammatory cells should be present in the amnion and chorion in the absence of preterm labor. However, these pregnancies were predominantly affected by severe preeclampsia, and recent work has shown that preeclampsia may be characterized as a maternal inflammatory syndrome that particularly affects the vascular system (38 -40) , and it may be that these inflammatory changes encourage the recruitment of leukocytes to the fetal membranes.
More preterm chorion tissues were positive for CD56 than for CD45 (Fig. 6 ). This was unexpected as all leukocytes express CD45 (leukocyte common antigen), and this suggests that these chorionic CD56ϩ cells may not be leukocytes. Visually, these CD56ϩ cells are larger than those seen in the adjacent decidua (Fig. 5h) and resemble the normal chorionic trophoblast (CK7ϩ cells; Fig. 4 ). We predict that these cells would be CD45-CD56ϩCK7ϩ, but this needs to be proved by definitive analysis (e.g. fluorescence-activated cell sorting). CD56 is expressed by human trophectoderm (41), endovascular trophoblast (42, 43) , and choriocarcinoma cells (44) , as well as by early trophoblast in mouse pregnancy (45) and by macaque trophoblast (46) . None of these large CD56ϩ cells was found in the chorion of term fetal membranes. The presence of the large CD56ϩ cells in preterm tissues may be related to the reasons for early delivery, namely preeclampsia, preterm labor, or PPROM, and we cannot be sure whether normal preterm chorion would express CD56. This also applies to amniotic epithelium, which variably expressed CK7 and CD56; we anticipated that these markers would be present on (37) , and our data confirm this distribution of leukocytes (Fig. 6) . Similar data were obtained from samples that were taken before or after preterm labor, but tissues that were obtained after PPROM had fewer CDϩ cells present in decidua (Fig. 6) . The reasons for this decrease in CDϩ cells after PPROM are not clear, but we attribute this to damage to cell surface markers, as proteolytic enzymes released from activated leukocytes can decrease cell-surface levels of CD proteins (49, 50) . Leukocyte activation has been implicated in infection-driven preterm labor in seven patients (51) , but the role of this process in our patients requires further study.
Bacteria and inflammatory cell types. The relationship between the presence of bacteria deep within fetal membranes and of leukocytes (in amnion or chorion) was investigated (Fig.  7) . The majority of preterm tissues were positive for organisms (in amnion or chorion) and for inflammatory cells, and the remainder were positive for either organisms or for inflammatory cells (single-positive tissues). Preterm labor and PPROM groups were similar to the preterm cesarean section group (Fig.  7) , although the latter had fewer double-positive tissues. This indicated that the presence of bacteria in conjunction with inflammatory cells is not sufficient to cause preterm labor or PPROM. It would be premature to conclude that inflammatory cell infiltration can occur without bacteria, as organisms may be present in unsampled parts of the tissues.
In contrast, only a minority of term tissue were double positive (Fig. 7) , but significant numbers of tissues were single positive, and some term tissues were negative for both organisms and inflammatory cells. These findings in term tissues confirm that the presence of bacteria and inflammatory cells is not sufficient to cause labor at any gestational age and that other processes are required.
Presence of organisms and a systemic fetal inflammatory response. Having shown that an inflammatory response was present in the fetal membranes after preterm labor and PPROM, we then determined fetal cytokine levels to assess whether there was a systemic fetal inflammatory response (Table 2) . Two proinflammatory cytokines (IL-1␤ and IL-6) were increased in association with labor, and the antiinflammatory IL-10 was decreased. The variability in fetal cytokine levels was such that only some of these differences reached statistical significance (see Table 2 for details), but overall it was clear that there was a systemic fetal inflammatory response associated with PPROM and with chorioamnionitis. However, there was no association of the systemic fetal inflammatory response with leukocytes detected by immunohistochemistry or with bacteria.
CONCLUSIONS
Our primary conclusion is that FISH is an appropriate method for the visualization of bacteria within fetal membranes. Intrauterine bacteria are far more common than expected, but these organisms alone may not be sufficient to initiate preterm labor, PPROM. or a systemic fetal inflammatory response and other factors including the nature of the organisms and tissue responses must be involved.
